Eukaryotic molybdopterin synthase. Biochemical and molecular studies of Aspergillus nidulans cnxG and cnxH mutants.
We describe the primary structure of eukaryotic molybdopterin synthase small and large subunits and compare the sequences of the lower eukaryote, Aspergillus nidulans, and a higher eukaryote, Homo sapiens. Mutants in the A. nidulans cnxG (encoding small subunit) and cnxH (large subunit) genes have been analyzed at the biochemical and molecular level. Chlorate-sensitive mutants, all the result of amino acid substitutions, were shown to produce low levels of molybdopterin, and growth tests suggest that they have low levels of molybdoenzymes. In contrast, chlorate-resistant cnx strains have undetectable levels of molybdopterin, lack the ability to utilize nitrate or hypoxanthine as sole nitrogen sources, and are probably null mutations. Thus on the basis of chlorate toxicity, it is possible to distinguish between amino acid substitutions that permit a low level of molybdopterin production and those mutations that completely abolish molybdopterin synthesis, most likely reflecting molybdopterin synthase activity per se. Residues have been identified that are essential for function including the C-terminal Gly of the small subunit (CnxG), which is thought to be crucial for the sulfur transfer process during the formation of molybdopterin. Two independent alterations at residue Gly-148 in the large subunit, CnxH, result in temperature sensitivity suggesting that this residue resides in a region important for correct folding of the fungal protein. Many years ago it was proposed, from data showing that temperature-sensitive cnxH mutants had thermolabile nitrate reductase, that CnxH is an integral part of the molybdoenzyme nitrate reductase (MacDonald, D. W., and Cove, D. J. (1974) Eur. J. Biochem. 47, 107-110). Studies of temperature-sensitive cnxH mutants isolated in the course of this study do not support this hypothesis. Homologues of both molybdopterin synthase subunits are evident in diverse eukaryotic sources such as worm, rat, mouse, rice, and fruit fly as well as humans as discussed in this article. In contrast, molybdopterin synthase homologues are absent in the yeast Saccharomyces cerevisiae. Precursor Z and molybdopterin are undetectable in this organism nor do there appear to be homologues of molybdoenzymes.